, commonly called the Brundtland Report after the woman who chaired the commission, is generally recognized as the document most responsible for the increased attention to the concept of sustainable development. Sustainable development is defined in the report as development that meets the needs of the present without compromising the ability of future generations to meet their own needs. More recently, Karl-Henrik Robert, Herman Daly, Paul Hawken, and John Holmberg (3) described a simple and accessible model of sustainability, which has been used by corporations and municipalities to guide choices towards those consistent with sustainability. This program, called the Natural Step Program, lists four conditions for sustainability ( Table 1 ) that go beyond the Brundtland report. The Natural Step Program espouses "the need to re-examine the negotiable rules of our economic game so they conform to the non-negotiable rules of the biophysical world." The conditions (K-H. Robert, personal communication) are first-order principles for sustainability because 1) they are all necessary for sustainability, 2) they are sufficient for sustainability (i.e., cover the whole area), and 3) they do not overlap. Conditions 1-3 (Table 1) are ecological but severely economical in words, which is essential to reaching a consensus on first-order principles. The discussions will doubtless become more heated when the consequences of accepting a first-order principle are more explicitly stated. In addition, Paul G. Hawken has established a U.S. Natural Step Program, industries have taken note of sustainable development (4) , and the George and Cynthia Mitchell International Prize for Sustainable Development has been awarded for a number of years. The Human society may have existed for over a million years (arguably as long as several million years) and, at the very least, for hundreds of thousands ofyears. For most of this time, humans were spread rather thinly across the planet, compared to present population levels and densities, and usually existed in tribal units or small societies. One notable feature of tribal life is that, when consequences surfaced from bad situations (e.g., food shortages), the suffering of the tribe was relatively equitably distributed. In a sense, sustainable use of the planet is an attempt to achieve equitable natural resource distribution over both large temporal and spatial spans (6) . One wonders whether compassion for individuals with little access to resources is a persuasive basis for equitable resource distribution for both present and future generations. Some suffering is inevitable, from earthquakes, hurricanes, and other climatic events, or from diverse susceptibility to cancer and other diseases that have dramatic effects on some (17) . More important, more methods are being developed to improve protection and ultimately make ecosystem health a reality.
Goal 3. To ensure that ecosystem services, such as the maintenance of atmospheric gas balance, favorable to human and other life forms continue at their present or, preferably, better levels. Condition 1. The physical and biological basis for the services provided by nature shall not be systematically diminished (e.g., overharvesting whales or fishery breeding stocks). This condition is similar to system condition 3 in Table 1 .
To achieve sustainability, the life support system's integrity cannot be impaired. This requirement applies to both the technological life support system upon which human society is now dependent because of its distribution and density (urbanization) and the ecological component. The biotic impoverishment involving the loss of species in most parts of the planet will undoubtedly affect the delivery of ecosystem services, and some evidence exists that allows an estimate of the relationship between species diversity and the delivery of ecosystem services (18) (19) (20) The essence of sustainable use of the planet is to give a far higher priority to longterm needs than has been given in the history of human society. In essence, short-term needs might be denied or postponed if they endanger long-term needs. This is a difficult position to achieve and seems almost unthinkable in a society that insists on needs being met immediately. However, if some attention is not given to this issue, natural forces (23, 24) Getting most of the world, both countries and people, to accept a single paradigm seems an unachievable goal. However, this condition has already been met by the common acceptance of the economic growth paradigm. Arguably, the reluctance to relinquish the growth paradigm is the reason the term sustainable development has been used instead of the term sustainable use of the planet. At any rate, since a large portion of the planet, including all developed countries and most developing countries, at one time accepted the growth paradigm, and most still do, it is at least conceivable that an alternative paradigm could have comparable acceptance. Since the free market paradigm is still painfully under way in Russia and a number of other countries, this situation is an illustrative example of an occurring paradigm shift. Diamond (26) provides a plausible hypothesis [i.e., under certain conditions, a wide variety of cultural entities (in China) merged to a remarkable degree as a result of a shared paradigm] for achieving a shared paradigm from a sizable array of culturally different groups. As always, this change was achieved at a cost to a number of generations and cultures.
Sustainable use of the planet probably cannot be achieved with a mixture of traditional economic or ecological paradigms. The coexistence of a limits-to-growth paradigm and an unlimited growth paradigm does not seem viable. Further, environmental refugees are likely to increase as resources are overutilized or severely damaged (or both) in particular countries. Stemming the flow of environmental refugees (not to mention political and economic refugees) is likely to consume so much time and energy and be such a long-term management concern that the energy necessary for transition to sustainable use simply will not be available in time. It is disturbing that so much energy and resources are devoted to placing the blame rather than solving the environmental problem (27) . Instead of repairing environmental damage that occurred many years ago, society is engaged in endless legal battles to see if present property owners can be held accountable.
Goal 6. To avoid a human-induced episodic environmental catastrophe that would cause much human suffering.
Condition. When employing environmental management strategies about which the precise consequences are still somewhat uncertain, large protective safety margins (i.e., either slowing development or carrying it out extremely cautiously) are essential until the outcome has been better defined and the consequences have been determined to be acceptable and not of longterm sustainability significance.
The sun has a finite life span, even though it is probably in excess of a billion years, and the universe will not last forever (8) . Consequently, no sustainability initiative should be designed for an infinite period of time. In fact, glacial and interglacial cycles of approximately 100 thousand years are well documented, and management strategies for sustainable use of the planet would definitely have to be altered as a consequence of these events. A possibility also exists that the Earth could be struck by objects from outer space that would cause dust clouds to change the Earth's climate and a variety of other events will occur over which human society has no control. However, society can control many events. For example, greater protection can be given to the other species with which humans share the planet. At the very least, the rate of biotic impoverishment (i.e., extinction of species) could be substantially reduced. Cairns (28) has defined assimilative capacity as the ability of an ecosystem to assimilate a substance without degrading the ecosystem or damaging its ecological integrity. Cairns (29) has defined ecological integrity as the maintenance of the structure and function characteristic of a locale. Meeting this condition requires that assimilative capacity be quantified and that human society adjust its waste disposal into natural systems so that they remain healthy and suitable for sustained use.
Condition 3. To develop robust predictive models regarding assimilative capacity, validate these models, and continually monitor them to ensure that previously established quality control conditions based on these two prior activities are being met at all times.
Natural systems are made up of both living and nonliving material, and it is a sine qua non that all living material varies. Therefore, assimilative capacity will vary within limits, and using it effectively requires attention to this characteristic. All living systems respond to the aggregate of the potentially stressing materials to which they are exposed, not to individual components in isolation from the others, although this can, at times, happen. Therefore, the monitoring and other activities must be at the system level in order to be congruent with decisions made at the system level.
Goal 9. To develop equity and fairness in resource distribution within human society and with other species with which it shares the planet. Condition 1. A sufficient majority of humans must acknowledge the reality of equity and fairness so that there is an incentive to preserve the ecological life support system for sustainability.
This equity and fairness are best achieved at the grass roots level rather than by government coercion. Govemment may sometimes prevent gross damage, but fine tuning ecosystem health must be the mission of all society. As Perides said, "All honor to him who does more than the law requires." Condition 2. Ethnic and racial strife, holy wars, wars over resources, and other extremely diverse political issues must be eliminated or restrained so that destructive energy can be rechanneled into constructive activities.
As Diamond (30) (36) feel that willful blindness has reached epidemic proportions and that nowhere is it more evident than in the U.S. Congress, which is denying outright the still-growing mass of scientific evidence about the deterioration of the Earth's vital signs while simultaneously attempting, often successfully, to dismantle environmental laws and regulations. However, there is a failure to distinguish denial from honest disagreement about matters of fact, logic, data, and evidence that is a routine and customary part of the scientific process. Orr and Ehrenfeld (36) feel that denial is the willful dismissal or distortion of fact, logic, and data in the service of ideology and self-interest. Although Ehrlich and Ehrlich (37) One wonders what catastrophes human society must suffer before the major paradigm shift necessary to achieve sustainable use of the planet occurs. If the reasoned approach found in the publications of Robert and colleagues (3, 40) is used, human society may be able to accomplish the transition gracefully.
